showed that the administration of 2-acetylaminofluorene (AAF) to rats causes epithelial hyperplasia in a number of organs. Subsequent investigations by Bielschowsky (1944), Matsus (1954) and Farber (1956) have demonstrated that some of these hyperplasias are in fact malignant hepatomas.
1955) and thioacetamide (Grant and Rees, 1957 ) the intracellular composition and the enzyme activity of the liver cell may be altered. Grant and Rees (1957) found that thioacetamide feeding causes cholangiocarcinoma along with a decline in the phospholipid synthesis, a rapid decrease in the mitochondrial fraction and the " ageing " phenomenon of mitochondria in liver cells. Rats fed on a diet containing dimethylaminoazobenzene (DAB) and supplemented with B vitamins do not show these changes although ultimately they develop hepatocarcinomas.
According to Laird and Miller (1953) and Rutman, Cantarrow and Paschkis (1954) AAF alters the intracellular composition of the rat liver. The purpose of this paper is to investigate phospholipid and ribonucleic acid (RNA) synthesis, the " ageing " phenomenon of mnitochondria and the levels of respiratory enzymes in the liver undergoing AAF carcinogenesis and to correlate these measurements with the histological picture.
METHODS
Animals.-150 Stock male albino Wistar rats, weighing g. were used in this study, and each animal was weighed at weekly intervals.
Diet.-2-Acetylaminofluorene was added to powdered M.R.C. rat cubes to maintain a dosage of 0(5 mg. per cent. Animals were given food and water ad libitum.
Histology.-All organs were examined microscopically. The wet weights of the liver were measured and expressed as percentage of body weight. Histological examinations were confined to the liver, slices of which were fixed in Carnoy's fluid. Sections, 5 It. thick, were stained with Ehrlich's acid haematoxylin and eosin, periodic acid-Schiff technique (PAS), pyronin methyl green, Feulgen's technique, van Gieson, Best's carmine, muci-carmine, and with Gomori reticulin stains.
Biochemical and Chemical Determinations
Homogenates and nlitochondria were prepared in 0-25 M sucrose (Schneider, 1948) .
For spectrophotometric determinations homogenates and miitochondrial suspensions were frozen and thawed at least four times before use. This procedure ensured maximum enzyme activity (Kielley, 1957) .
Malic dehydrogenase and glutamic dehydrogenase were determined by the method of Christie and Judah (1953) .
Isocitric dehydrogenase was determined by the method of Hogeboonm and Schneider (1950) .
The RNA and phospholipid content of the livers was determined by the method of Davidson, Frazer and Hutchinson (1951) .
Synthetic reactions
The rate of 32p incorporation was determined in vivo following the intraperi- 
RESULTS

Pathological changes
2-Acetylaminofluorene has a high specificity for the liver, although it is frequently carcinogenic for several other organs and tissues (Wilson et al., 1941) . None of our animals developed tumours of any organ other than the liver during the fifty-three week period of observation. After 1 month of feeding, the histological changes are almost all confined to the parenchymal cells of the liver, the periportal region being the most severely affected. Degenerate and atrophic liver cells are present. The earliest change observed is a loss in the staining property of the nucleoli. Occasionally central hepatic cells increase in size and their nuclei become enlarged. Many mitoses are seen at this stage among the healthier central hepatic cells. There is no bile duct proliferation. During the fourth month, as the result of progressive degeneration and death of a large number of liver cells, there is collapse of parenchymal tissue and the liver becomes granular. The resultant condensation of the hepatic reticulin together with the increased fibrous tissue around portal tracts and slight bile duct proliferation leads to the formation of bands of cellular connective tissue uniting most portal tracts, whilst elsewhere regeneration of hyperplastic nodules are fairly prominent. However, during the fifth month there is more pronounced regeneration of liver cells and some resolution of the fibrous tissue takes place. It is at this stage that a new glandular pattern appears (Stewart and Snell, 1957) . 135 (130-140) progressively whereas the phospholipid content of the liver remained unaltered. The liver homogenates were fractionated by differential centrifugation and the nitrogen content of the various fractions was assessed (Table II) . A progressive fall in mitochondrial nitrogen occured which was well marked by 35 weeks in contrast to the rise met with in that of the nuclear fraction. The supernatant fraction remained constant throughout the whole experiment.
The glutamic, malic and isocitric dehydrogenase content of the liver homogenates were also determined (Table III) . The activities of isocitric andmalic ,¢$560 435 (420-450) 214 (208 -220) dehydrogenase, fell both in relation to the wet weight of the liver and its nitrogen content but with glutamic dehydrogenase the fall in activity was much smaller. Dry weight determinations on the livers of control and treated animals were made throughout the feeding experiment. The values for the livers of treated animals were the same as those of the controls.
The oxidation of the substrates (L-malate, L-glutamate and a-oxoglutarate by mitochondrial preparations from the livers of AAF-treated rats was determined. Up to 25 weeks of feeding the levels of oxidation in terms of mitochondrial nitrogen remained much the same as that of control animals. The mitochondrial preparations in 0.25 M sucrose on storage at 0°for 6 hours showed no decline in oxidative activity.
During the course of feeding AAF the incorporation of 32p into the phospholipid and RNA of the liver was followed. In all these experiments the serum inorganic hosphate was determined and found to be the same for both control and treated rat in any given experiment. Thus the isotope dilution was identical in both groups. It may be seen from Table IV that no decline in 32p incorporation into the phospholipids occurred until after 35 weeks, in fact not until the onset of the hepatomas. In no case did the incorporation of 32p into the liver RNA of the treated animals differ from that of their controls.
DISCUSSION
During the exposure of rats to hepatocarcinogens a redistribution occurs of the protein and RNA in the liver cell. There is generally, an increase of these substances in the nuclear fraction and a fall in the cytoplasmic fraction, in par-ticular that of the mitochondria (Miller, 1955; Grant and Rees, 1957) . Administration of AAF likewise leads to an increase in the protein and RNA content of the nuclear fraction and a fall in the mitochondrial fraction. These findings agree with those of Rutman, Cantarrow and Pashkis (1954) . With AAF, however, unlike dimethylaminoazobenzene and thioacetamide carcinogenesis there are alterations in the overall composition of the liver. Our animals showed a progressive fall in the liver nitrogen and RNA but there was no change in the phospholipid content.
Measurements of the respiratory enzymes in the liver support the conclusion that there is a fall in the mitochondrial population rather than alterations in the enzymic content of the mitochondria. There is a fall in the glutamic, isocitric and malic dehydrogenase content of both liver homogenates and initochondrial suspensions. However, if the results of the mitochondrial experiments are expressed in terms of mitochondrial nitrogen the values are the same as those for preparations from the livers of control animals.
Grant and Rees (1957) investigating dimethylaminoazobenzene and thioacetamide carcinogenesis concluded that a cholangiocarcinoma is most likely to develop when the liver shows damage to its parenchymal cells, proliferation of bile duct, tissue, a drop in the mitochondrial fraction and the phenomenon of ' ageing " of mitochondria. During this time there is a gradual fall in the phospholipid synthesis and finally a tumour develops. In contrast, hepatocarcinoma results if this precancerous process is slowed down. Parenchymal cell damage though qualitatively similar to that seen in the more rapid cases leads to the death of fewer cells. In such animals the mitochondrial population is not depleted, mitochondria do not exhibit " ageing " and phospholipid synthesis is unaltered until the onset of the hepatoma
The criteria were applied to the problem of acetylaminofluorene carcinogenesis. Little or no bile duct cell proliferation and little liver cell death is seen until sixteen weeks of feeding AAF. Phospholipid synthesis is unaltered until the onset of neoplasia and mitochondrial preparations do not exhibit the " ageing " phenomenon. There is, however, a fall in the mitochondrial fraction but this is not as great as was found in thioacetamide carcinogenesis (Grant and Rees, 1957) .
All such events would seem to point to the development of parenchymal cell tumours rather than bile duct tumours, in rats fed AAF. Histological investigation has shown that this actually is the case. All of our liver tumours have been uindoubted hepatocarcinomas. We have not encountered a single cholangiocarcinoma. SUMMARY l. The histological and biochemical events occurring in acetvlaminofluorene hepatocarcinogenesis in rats have been followed.
2. As with other hepatocarcinogens there are increases in nuclear material and a fall in the cytoplasmic fraction. There is a progressive fall in the number of nlitochondria but enzymatically they appear to be unaltered, they do not exhibit the phenomenon of " ageing 3. There is no change in phospholipid and ribonucleic acid synthesis in vivo during the tumour induction period.
4. It is considered that these events should precede the production of hepatocarcinoma which is the tumour type produced in these experiments.
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